Maternal smoking during pregnancy is associated with auditory processing deficits in children; these effects have been confirmed with animal models of continuous high-dose prenatal nicotine exposure. The present experiments utilized a novel, low-dose, intermittent, intravenous (IV) gestational nicotine exposure model to investigate potential deficits on the preattentive process of sensorimotor gating, as indexed by prepulse inhibition (PPI), in preweanling and adult rat offspring. Pregnant dams received bolus IV injections of nicotine (0.05 mg/kg/injection) 3×/day on gestational days 8-21. Auditory and tactile stimulus modalities were probed with tone and air puff prepulse stimuli, respectively. These prepulse stimuli preceded a 100 dB(A) startle tone by six different interstimulus intervals (ISIs; 0, 8, 40, 80, 120, 4000 ms) to define a curve of response inhibition. The magnitude of PPI increased with age, from 59 to 81% inhibition. Preweanlings (PNDs 14 and 18) and adults (PND 75) gestationally exposed to nicotine exhibited altered startle responding relative to controls, but the nature of the deficit became more localized at later ages. The entire curve of response inhibition in preweanlings exposed to prenatal nicotine (PND 14) was shifted up relative to controls, and notably, did not interact with prepulse stimulus modality, suggesting a generalized increased sensorimotor responsiveness as a function of prenatal nicotine. At PND 18, a shift in the response curve across all ISIs was again noted, but varied as a function of prepulse stimulus modality; the increased sensorimotor responsiveness was specific to the auditory, but not tactile, sensory modality. In adulthood, male and female animals prenatally exposed to nicotine were differentially sensitive to modulation by the ISIs, relative to control male and female animals. Specifically, despite robust PPI, adult females exposed to gestational nicotine were relatively insensitive to changes in ISI from 8 to 120 ms; in contrast, the robust PPI of nicotine-exposed males demonstrated a clear focal point of inhibition at 40 ms. These findings indicate that a low, daily dosing of IV prenatal nicotine produces long-lasting alterations in auditory PPI. An important implication of this research is that "chipping" with smoked-tobacco products during pregnancy may produce enduring changes in sensorimotor processing.
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Maternal smoking during pregnancy is associated with auditory processing deficits in children; these effects have been confirmed with animal models of continuous high-dose prenatal nicotine exposure. The present experiments utilized a novel, low-dose, intermittent, intravenous (IV) gestational nicotine exposure model to investigate potential deficits on the preattentive process of sensorimotor gating, as indexed by prepulse inhibition (PPI), in preweanling and adult rat offspring. Pregnant dams received bolus IV injections of nicotine (0.05 mg/kg/injection) 3×/day on gestational days 8-21. Auditory and tactile stimulus modalities were probed with tone and air puff prepulse stimuli, respectively. These prepulse stimuli preceded a 100 dB(A) startle tone by six different interstimulus intervals (ISIs; 0, 8, 40, 80, 120, 4000 ms) to define a curve of response inhibition. The magnitude of PPI increased with age, from 59 to 81% inhibition. Preweanlings (PNDs 14 and 18) and adults (PND 75) gestationally exposed to nicotine exhibited altered startle responding relative to controls, but the nature of the deficit became more localized at later ages. The entire curve of response inhibition in preweanlings exposed to prenatal nicotine (PND 14) was shifted up relative to controls, and notably, did not interact with prepulse stimulus modality, suggesting a generalized increased sensorimotor responsiveness as a function of prenatal nicotine. At PND 18, a shift in the response curve across all ISIs was again noted, but varied as a function of prepulse stimulus modality; the increased sensorimotor responsiveness was specific to the auditory, but not tactile, sensory modality. In adulthood, male and female animals prenatally exposed to nicotine were differentially sensitive to modulation by the ISIs, relative to control male and female animals. Specifically, despite robust PPI, adult females exposed to gestational nicotine were relatively insensitive to changes in ISI from 8 to 120 ms; in contrast, the robust PPI of nicotine-exposed males demonstrated a clear focal point of inhibition at 40 ms. These findings indicate that a low, daily dosing of IV prenatal nicotine produces long-lasting alterations in auditory PPI. An important implication of this research is that "chipping" with smoked-tobacco products during pregnancy may produce enduring changes in sensorimotor processing.
Introduction
Maternal tobacco smoking during pregnancy is a major societal health concern for developing offspring. Gestational tobacco smoke exposure produces restricted intrauterine growth (Kramer, 1987; Kramer et al., 1990 ) and low birth weight (Meyer and Comstock, 1972; Simpson, 1957; Wang et al., 2002; Ward et al., 2007) , and is associated with sudden infant death syndrome (Fleming and Abbreviations: ASR, acoustic startle response; CN, cochlear nuclei; GD, gestational day; IC, inferior colliculus; ISI, interstimulus interval; IV, intravenous; nAChRs, nicotinic acetylcholine receptor; PnC, caudal pontine reticular nucleus; PND, postnatal day; PPI, prepulse inhibition; PPTg, pedunculopontine tegmental nucleus; SC, superior colliculus; SUD, substance use disorder.
* Blair, 2007). The negative health outcomes of maternal smoking are not limited to early development, however, as an assortment of neurobehavioral and cognitive problems is documented in children and adults prenatally exposed to tobacco smoke (see Heath and Picciotto, 2009; Pauly and Slotkin, 2008) . Smoking during gestation increases the incidence of attention-deficit hyperactivity disorder (Button et al., 2007 (Button et al., , 2005 Linnet et al., 2003; Thapar et al., 2003) , conduct disorder (Cornelius et al., 2007; Fergusson et al., 1998; Stene-Larsen et al., 2009; Wakschlag et al., 2006) , and substance use disorder in offspring (Brennan et al., 2002; Buka et al., 2003; Weissman et al., 1999) . Problems in auditory processing and cognitive function are also seen in offspring of maternal smokers (Fried et al., 1998 (Fried et al., , 2003 Jacobsen et al., 2007 Jacobsen et al., , 2006 McCartney et al., 1994; Picone et al., 1982; Saxton, 1978; Sexton et al., 1990) . For example, Jacobsen et al. (2007) assessed auditory and visual attention in adolescents who were prenatally exposed to maternal tobacco smoke and reported that relative to non-exposed controls, females exhibited impairments in audi-
